CMS operates the quality improvement organization (QIO) 
. To help improve the quality of care delivered un der Medicare, CMS (2005) operates a national network of 53 QIOs responsible for each U.S. State, Territory, and the Dis trict of Columbia. One key aspect of the QIOs' responsibilities is to "… improve quality of care for beneficiaries by ensur ing that beneficiary care meets profession ally recognized standards of health care …" (Centers for . Since the early 1990s, the QIOs' primary approach has been to achieve this goal through the provision of QI technical assistance to health care providers (e.g., hospitals, nursing homes, physician practices, home health agencies, and managed care plans) in a collaborative environment (Jencks and Wilensky, 1992; Jencks, 1995) .
Although there has been increasing literature examining the effectiveness of QIO work, there have been no stud ies on the value of their work. That is, if the program is effective in improving care, are the benefits worth the invest ment in the program by CMS? This article seeks to answer that question using cost utility analysis, where the benefits are measured in QALYs gained. QALYs are not restricted to changes in the quantity of life, and allow us to measure changes in the quality of life. The QALY measure on values or weights that reflect the desirabil ity of health States emphasizes the critical role of consumer preferences in valuing outcomes (Drummond et al., 2005) . Trans lating gains in health care quality poten tially attributable to QIO work into QALYs facilitates comparison to other health care interventions that are currently promoted in the U.S. health care system whose ben efits are also measured in QALYs. 1 This article does not seek to answer the effec tiveness question, but rather presents results based on a range of reasonable assumptions regarding QIO effectiveness. QIOs work on multiple QI projects in different health care settings. They were asked to assist nursing homes across the country to improve quality of care as mea sured by CMS' publicly reported nurs ing home quality measures, which were launched in October 2002. The scope of activities included educational confer ences, collaborative learning sessions, dis tribution of QI materials, and individual technical assistance provided to nursing homes. The question of the value of QIO work in this setting is particularly impor tant because this was a new project for the QIO program, and a priority area for CMS.
MetHODS

Quality Measures
QIO nursing home QI activities began in July 2002. To track changes in qual ityofcare, we utilized the CMS nursing home quality measures for national public reporting from 20022005. The measures are derived from the residentlevel mini mum data set (MDS) that are submitted by nursing facilities to their respective State health departments. These mea sures have been validated (Morris et al., 2003) and endorsed by the National Quality Forum, and facilityspecific results are reported publicly on CMS' Nursing Home Compare Web site at: http://www. medicare.gov/NHCompare/home.asp).
Although QIOs were asked to support improvement in all of the quality measures, each QIO was asked to choose three to five measures to focus on in their respec tive States. To be more conservative in our assumptions about improvements due to QIO activity, we included only the top five measures across the country as areas of focus. These measures are summarized in Table 1 . The baseline measurement period was the 2 nd quarter 2002. The remeasure ment period for this study was the period used by CMS to evaluate QIOs on their performancebased contract, the 2 nd quar ter 2004. The national performance data during the baseline and remeasurement periods were provided by CMS.
estimating QiO impact
For measures that improved during the study period, we estimated the number of residents affected by the improved rate using the national denominator for each measure at the time of remeasurement. The percent of post-acute residents who reported experiencing moderate pain at least daily or horrible/excruciating pain at any frequency during the assessment period.
The percent of chronic residents with worsening ability to perform activities of daily living when compared to the prior assessment.
The percent of chronic residents who reported experiencing moderate pain at least daily or horrible and/or excruciating pain at any frequency during the assessment period.
The percent of chronic residents who were physically restrained daily on the target assessment.
The percent of chronic residents with pressure ulcers on the target assessment.
That is, the estimated number of residents whose status improved was (Baseline Rate-Remeasurement Rate)* (Remeasure ment Denominator). This product repre sents the number of residents that avoided the negative outcome assessed by the qual ity measure because of the improvement in the measure when compared to base line. Because the CMS/QIO initiative was the only national initiative at the time focusing on the study topics, it is reason able to assume that most of the improve ment can be attributed to QIO activities. We estimated the QIO contribution to improvement to be 75 percent of the ob served improvement. For the purposes of sensitivity analysis, we performed the cal culation using a range of 50 to 100 percent attributable improvement.
QalY estimate
To estimate QALYs gained for improve ment in the quality measures, we used the Health Utility Index Mark 2 (HUI2) devel oped by Torrance et al. (1996) . Although there are many available multiattribute utility scales, a review performed by the Health Technology Assessment Program of the National Health Service of the United Kingdom found that based on prac ticality, reliability, and validity, the HUI2 and the EQ5D developed by the EuroQol Group were the best preferencebased measures available (Brazier et al., 1999) . We chose the HUI2 because the health States of the instrument more closely matched the States described by the qual ity measures. The HUI2 is a widely cited generic multiattribute preferencebased system for assessing healthrelated qual ity of life. It is an empirically derived for mula conceived from interviews with a general population sample. To satisfy the QALY concept, quality weights must be: based on preferences; anchored on perfect health and death; and measured in an interval scale (Torrance, Thomas, and Sackett, 1972) . The more preferred health States receive a higher weight. Health States used in developing the quality of life scores were derived from the multi attribute utility function based on the visual analog scale (VAS), which is a standard zero to one interval health preference scale (Torrance and Feeny, 1972) .
Specifically, we utilized the HUI2 multi attribute utility function on deadhealthy scale using the mobility and pain attri butes to reflect changes in the quality measures. Utility scores, with 95 percent confidence intervals (CIs), were calcu lated for the level 5 mobility attribute, described as unable to control or use arms and legs, and for the level 4 pain attribute, described as frequent pain; frequent dis ruption of normal activities; discomfort requires prescription narcotics for relief. The scores from the HUI2 do not dif ferentiate between shortstay and long stay residents, so one value is used for both subgroups.
While analyzing each attribute, all other (e.g., cognition, sensation) were set at level 1-normal healthy functioning. Our calculations for QALYs assume no discounting; therefore, the QALY gained for a health State avoided for 1year is: 1(UTILITY). We did not assume any change in life expectancy, nor did we assume effects lasting longer than a year. To determine the number of QALYs gained for the entire population, this value is multiplied by the number of net resi dents positively affected for the measures considered. Sensitivity analysis is per formed based on both the 95 percent CI for the (1UTILITY) values, as well as the reasonable range for QIO attribution of observed QI.
Cost estimate
The cost of Medicare's investment in the QIO nursing home project was estimated using a QIO cumulative expenditures report during the period 20022005. QIOs report actual expenditures for each task. The report utilized for this analysis was 88.4 percent complete-the total estimated cost was derived using linear assumptions about expenditures. The cost per QALY gained was calculated by dividing the total estimated cost by the total QALYs gained that were attributable to QIOs.
reSUltS
Of the five measures most commonly chosen by QIOs during the study period to focus their improvement efforts on, three of the measures-(1) percent of shortstay residents with moderate to severe pain; (2) percent of longstay residents with moderate to severe pain; and (3) percent of residents with physical restraintshad absolute improvement of 2.22 to 4.0 percentage points, all of which were statistically significant (p<0.0001). This represented a relative improvement of 12.9 to 37.4 percent. Of the two remaining mea sures-percent of residents who had loss of function and percent of residents with pressure sores-the absolute worsening was only 0.04 and 0.19 percentage points, representing a relative change of 0.3 per cent and 2.2 percent. The specific results are noted in Table 2 .
The improvement in the three measures translates into 20,288 shortstay residents who avoided moderate to severe pain, 46,966 longstay residents who avoided moderate to severe pain, and 26,832 resi dents who avoided physical restraints during the remeasurement period when compared to performance levels at the baseline measurement period. The num ber of these residents who avoided the negative outcome due to QIO activities varies according to assumptions regarding the level of QIO impact. Table 3 depicts these values depending on 50, 75, or 100 percent attribution of improvement to QIO activities.
Using the HUI2 multiattribute utility function, the QALY gain for improvements in the moderate/severe pain quality mea sure was 0.3816 per resident, with a 95 per cent CI of 0.2616 to 0.5016. The QALY gain for avoiding restraints was 0.4452, with a 95 percent CI of 0.3252 to 0.5652. Using these QALY estimates, the total number of QALYs gained due to QIO activities is noted on Table 4 using 50, 75, and 100 percent QIO attribution.
With a total estimated program cost of $100,895,928-the costs per QALY gained using the mean QALY estimates for the three measures and 75 percent QIO attri bution is $3,577. The sensitivity analysis using the 95 percent CIs for the QALYs and 50, 75, and 100 percent QIO attribution is presented in Table 5 .
DiSCUSSiOn
The results of this study suggest that CMS is paying $2,063 to $7,667 per QALY gained through the QIO nursing home QI program. Although there is no defined threshold to what constitutes a good value, a common range used in the U.S. is $50,000 to $100,000 per QALY (Neu mann, 2004) , though some have argued that a QALY may be worth $200,000 or more (Hirth et al., 2000) . In this con text, the QIO program appears to be a very sound investment for CMS, and by extension, taxpayers.
A significant limitation of this study is its reliance on assumptions for the propor tion of improvement that could be attrib uted to QIO activities. Although there have been previous studies of QIO activi ties, these studies have primarily been of QIO interventions in the hospital set ting, and have not tried to quantify QIO effect on statewide performance. Most of the studies have shown QIO effective ness (Chu et al., 2003; Marciniak et al., 1998) , though one recent study showed little or no effect of QIO activities (Sny der and Anderson, 2005) . This last study, however, had serious limitations that highlight some of the challenges associ ated with research on QIO effectiveness. The authors attempted to evaluate QIO performance by comparing intervention and nonintervention hospitals. How ever, by contract design, QIOs devoted a large part of their activities to statewide activities, and therefore there were no true nonintervention hospitals (Jencks, 2005 ). The key challenge becomes then, when observing statewide clinical QI (Jencks, Huff, and Cuerdon, 2003) , how much of it can be attributed to QIO activi ties? This is particularly difficult in the hospital setting because there are mul tiple other national programs to improve hospital care in the same clinical topics as the QIOs. For instance, the American College of Cardiology (2004), and the American Heart Association (Labresh et al., 2003) both have significant overlap with the QIOs work in the inpatient treat ment of acute myocardial infarction and heart failure. By focusing on the nurs ing home QI project, this study amelio rates some of the problems with studying QIO impact. Unlike the hospital setting, there were limited national programs (although there existed scattered Statebased programs) to facilitate improvement in nursing home care in the clinical topics that QIOs were working on during the period 20022005, allowing us to reasonably make assump tions about QIO contribution to improve ments in the quality measures, even without a control group. In addition, by performing sensitivity analysis, it allows policymakers to make decisions based on more conservative or liberal assumptions.
In the discussion of attributable per formance improvement, it is important to note that two of the five measures that QIOs focused on did not improve, but slightly worsened. This negative change was not accounted for in the final QALY analysis, as it is not plausible that the QIOs could have worsened care. In addi tion, when we performed preliminary analysis, the change was minimal com pared to the improvement in the other measures and the net impact on the final calculations was negligible. Neverthe less, those two measures (pressure sores and functional loss) are important clinical areas, and it is unfortunate that there was no observed improvement. It is possible that QIO work has a greater impact on certain care processes, accounting for the differential changes among measures, but this needs to be further investigated.
Other limitations relate to the qual ity measures themselves. Although they have been validated by Morris et al. (2003) , there remains some concern about whether or not the elements from which the measures are derived, the MDS, are accurately and reliably captured. For instance, it may be that changes in the measures reflect a change in how the MDS elements are captured over time (e.g., new information systems), rather than true changes in health status of the patients. Although estimating the impact of this is beyond the scope of this arti cle, it may warrant further exploration, as it would also impact the validity of the Medicare nursing home compare public reporting initiative. Another significant limitation of this study relates to the application of the multi attribute utility function. The HUI2, whose weights are based on the general popula tion, has not been similarly applied, to our knowledge, to our research population in this context. Nursing home residents tend to have multiple ailments. Therefore, their functioning on attributes assessed in the HUI2 is likely less than the healthy State. Because we utilized a healthy State to calculate the disutility associated with restraints and pain, we likely overestimated the gains from avoiding those negative out comes. In addition, the attributes from the preference scale do not match exactly the descriptions of the nursing home quality measures. For instance, restraints in the nursing home setting do not necessarily mean loss of control of arms and legs as described in the HUI2 scale, and the HUI2 pain attribute utilized in the analysis is less severe than the pain described in the nurs ing home quality measure.
Although one cannot quantify the net effect of these issues in utilizing the HUI2, it would likely slightly reduce the esti mate of QALYs gained. Although beyond the scope of this article, there is a need for other researchers to test other instru ments for estimating QALYs in this con text. Indeed, one might also use other measures of utility than QALYs, though that limits the ability to compare the results to other health care interventions.
The quality measures assess care for a given period of time (1 quarter, except for shortstay measures, which span 2 quarters). The QALY estimate does not assume that the conditions assessed (e.g., experiencing pain or being held in restraints), last the entire year, but that the prevalence of the condition remains constant over that year. Beyond 1 year, we do not assume that the improved per formance levels are sustained. If the QIO activities lead to sustained improvement once the QIOs stop providing assistance, then the number of QALYs gained from CMS' investment is much larger than the estimates provided here, and the cost per QALY much lower.
Finally, the estimated costs are likely overstated. We utilized total QIO contract expenditures for the nursing home QI work, but the remeasurement period for this study ended in 2005. In addition, not all QIO contract expenditures were applied towards improving the five measures ana lyzed. Although these overstatements of cost are partially offset by other QIO pro gram expenditures not incurred by QIOs (e.g., CMS program costs) the net effect of this is to understate the value of the QIO program.
It is difficult to estimate the sum impact of the limitations of this study. However, even if the estimated cost per QALY gained was actually one order of magnitude larger (i.e., 10 times the reported cost) due to overestimates of QALYs gained due to QIO activities, it would still be well within the range of what is considered a good value for health care dollars in the U.S.
COnClUSiOnS
This study provides estimates of QIO program value that allow easy comparison to other health care intervention activi ties. Even with conservative assumptions about QIO program impact, investment in QIO nursing home QI activities appears to be a good value for health care dollars. These results should be confirmed with additional research, and valueoriented studies should be performed of other QIO and largescale QI activities to help inform health care policymakers.
